Abstract. The objective of this study was to examine educational levels and employment status as independent determinants of overall and cause-specific mortality in a Japanese population. Participants were 4,301 men and 6,780 women in a multi-center community-based prospective study, and data of the baseline survey was collected between 1992 and 1995. The participants were followed up until December 31, 2002 (the average follow-up period was 9.17 years). Early termination of education was associated with an increased risk of mortality from all causes for both men and women. This tendency was more prominent in women aged 59 and younger (hazard ratio (HR) = 3.82, 95% confidence interval (CI): 1.18-12.34), after adjusting for confounding factors using the Cox proportional hazard models. Similar trends were shown for men; specifically, cardiovascular disease mortality for all men was increased by early termination of education (HR = 2.97, 95% CI: 1.17-7.52) compared to later termination. For employment status, unemployed men showed increased mortality from all causes compared to white-collar workers (HR = 1.51, 95% CI: 1.00-2.28). Female farmers and forestry workers showed reduced mortality from all causes compared to white-collar workers (HR = 0.55, 95% CI: 0.33-0.93). Male farmers and forestry workers also showed reduced mortality from cardiovascular diseases compared to white-collar workers (HR = 0.34, 95% CI: 0.14-0.82). Educational level and employment status may affect mortality for Japanese women and men.
Introduction
One of the most reproducible demographic findings in modern societies is the inverse association between socio-economic status and mortality [1] [2] [3] [4] [5] . Several different indicators of socio-economic status have been investigated, including educational attainment, occupational class or employment status, income level, and indices based on the characteristics of residential areas [6] [7] [8] .
Japanese society is generally believed to have less inequality of wealth than other developed countries. However, recent geographical analyses have shown that socio-economic status in municipalities is strongly related to regional variations in health levels, indicating higher mortality from all causes in areas of lower socio-economic status [9] . On the other hand, a recent study in Japan showed a lower impact of socio-economic inequality on regional mortality for coronary heart diseases and higher cancer mortality in urban areas [10] . Although most Japanese studies on socio-economic inequalities in mortality have relied on geographical analyses [11] , a few recent studies have reported that individual educational levels were associated with mortality: individuals with lower levels of education had an increased overall risk of death among elderly populations [12] and among men in rural areas [13] . However, this Japanese individual data was limited to elderly populations or populations of men only. Furthermore, unemployment status is another important index that has a great impact on health, increasing mortality rates, and the incidence of physical and mental illness [14] .
There have been few studies in Japan that have examined the effects of unemployment status on mortality using individual data.
The objective of the present study was to examine whether educational levels and employment status were associated with mortality from all causes and cause-specific mortality for Japanese women and men from a wide range of age groups. While equality of access to education has been achieved in a number of countries since World War II, women's possibilities for education have never been equivalent to those of men [15] . In addition, a previous study has shown a stronger association between mortality rates and socio-economic status for men than for women [9] . Therefore, there would appear to be gender differences in the ways that educational levels and employment status are associated with mortality.
Methods
The present study was initiated in 1992 as a community-based cohort study (the Jichi Medical School Cohort Study) on cardiovascular diseases in Japan. Data of the baseline survey were collected between 1992 and 1995. Ultimately 12,490 Japanese (4,911 men and 7,579 women) from 12 communities across Japan participated [16] . These 12 communities were from rural, sparsely populated areas of Japan. The mean population density (population per 1 km 2 of total land area) for the 12 communities was 198.1 (range 7.1-1018.9) and the nationwide average was 631.0 (SD = 1077.6) in 1995 [17] . In this study, individual income levels could not be obtained. However, according to a financial capability index [17] , the mean for the 12 communities was 0.29 (range = 0.08-0.68) and that for municipalities in Japan was 0.49. This index indicates the economic level of a local municipality and was calculated as a mean of the standard financial revenues divided by the standard financial needs for the previous 3 years ( [1993] [1994] [1995] . The financial indices for the 12 communities were skewed toward low values.
The Health and Medical Service Law for the Aged of 1983 requires municipal governments to manage an efficient mass screening examination program concerned with the risk factors for cardiovascular diseases. The target subjects vary from community to community. In some communities all residents are included, while in others only those who are not offered physical examinations at their workplace or elsewhere are included, including recipients of Japan's National Health Insurance System. Residents aged 40-69 years were invited to participate in a mass screening examination conducted in 8 of the 12 communities. Of the remaining four communities, one invited those aged 35 years and older to participate, and the other three invited adults in other age groups as well. This resulted in people other than those in the above-defined age groups also being included in the database. The overall response rate was 65.4%. Each prospective candidate signed a consent form to participate in the study.
Participants who reported a previous history of cancer (38 men, 103 women), ischemic heart disease (131 men, 152 women), or stroke (62 men, 51 women) were excluded from the analyses to avoid prognostic effects. A total of 4,301 men and 6,780 women remained.
Mortality data from the date of entry to December 31, 2002, was collected from the Cause-of-Death
Register at public health centers in each community with permission of the Agency of General Affairs and the Ministry of Health, Labor, and Welfare. Information on the cause of death was coded for the deceased participants using the 10th revision of the International Classification of Diseases (cardiovascular diseases ICD-10 codes I01-I15, I20-I25, I27,  I30-I52, I60-I69, I99; cancer ICD-10 codes C00-C16,  C18-C20, C22-C34, C43 -C97, D00-D48) with permission from the Agency of General Affairs and the Ministry of Health, Labor, and Welfare. Participants who moved out of the communities during the observation period remained in the study until the date of their emigration (n = 369, 3.0%).
A self-administered questionnaire asked for information about socio-demographic characteristics including age, gender, marital status, alcohol consumption, smoking status, and other lifestyle factors described below. To determine the educational level, age at the completion of education was obtained. That age was categorized as ''age < 15,'' ''15 £ age < 18,'' and ''age ‡ 18.'' Since the enactment of the School Education Law in 1947, people finish junior high school at 15 years of age, and they finish senior high school at 18 years of age.
Current occupation was obtained by having the individual select one of the following: farming or forestry, fishery, security, transportation, construction, production business, office work, professional, service industry, homemaker, retired, and unclassified. The first five occupations, from fishery to production business, were designated as blue-collar jobs, and the next four categories as white-collar jobs. The remaining occupations, from homemaker to unclassified, were designated as unemployed. Marital status was ascertained by asking whether participants were currently married. For smoking status, participants were asked whether they were a non-smoker, a former smoker, or a current smoker. For women, smoking status was categorized as non-smoker or lifetime smoker (current and former smoker). Alcohol consumption (g/day) was estimated by asking how many alcoholic beverages were consumed per day, including Japanese Sake, distilled spirits, whisky (double), beer (bottle), wine (glass), and others. For menopausal status, participants were asked whether they were pre or post-menopausal. Dietary habits were obtained with a food frequency questionnaire composed of 30 different foods most likely to be consumed, each on a graded 5-point Likert scale. Based on a factor analysis, two types of meals were considered: a summation score of a primary vegetarian diet tendency (frequent consumption of green vegetables, yellow-green vegetables, potatoes, fruits, tofu, seaweed, oranges, beans, and dried fish) and a summation score of a more western meal tendency (bread, butter, yogurt, rice, salty foods, and miso soup [the latter three are reversed items]) [18] . The physical activity index, which was developed in the Framingham Study [19] , was calculated by totaling the hours at each level of activity and multiplying this by a weight based on the oxygen consumption required for that activity.
The physical examination was given in each community after administration of the questionnaire. Height and weight were measured, and body mass index (BMI) was calculated as weight (kg)/height (m) 2 . The systolic and diastolic blood pressures were also measured to classify participants as hypertensive: systolic blood pressure ‡ 160 mm Hg, diastolic blood pressure ‡ 90 mm Hg, or as shown by a clinical diagnosis based on the medical history information obtained by the questionnaire (i.e., currently being treated, have been treated in the past, or never treated). Serum total cholesterol levels (mg/dl) were also measured.
The hazard ratios of death (HRs) and 95% confidence intervals (95% CIs) from all causes, cardiovascular diseases, and cancer mortality according to age (at the time of education) and employment status were calculated using the Cox proportional hazard model. Age was always included in the models as a covariate and was stratified into younger (59 years and younger) and older groups (60 years and older) in the models of all causes of mortality. Further, because the national educational system changed after World War II, it was possible that the effect of educational attainment may differ between the groups. The potential confounding effects of marital status, alcohol consumption, smoking status, the scores of vegetarian diet tendency and western diet tendency, the physical activity index, BMI, hypertension, and total cholesterol were taken into account in the analyses. For women, menopausal status was also included in the model. An analysis of covariance was performed to examine associations between educational level, employment status, and health indicators at the baseline, including alcohol consumption, vegetarian diet and western diet tendency scores, the physical activity index, BMI, and total cholesterol, controlling for age. A v 2 was also calculated to examine associations between educational level, employment status, and other health indicators, including smoking status and hypertension, by performing a logit model controlling for age.
All statistical analyses were performed with the computer program PC-SAS, version 8.0.
The study design and procedures were reviewed and approved by each municipal government and the Ethics Committee for Epidemiological Research at Jichi Medical School. Each prospective candidate signed a consent form to participate in the study.
Results
The distribution of socio-demographic variables according to sex and age groups is shown in Table 1 .
In the follow-up period, a total of 588 deaths (349 for men and 239 for women) were observed. Totally 71 men and 64 women died from cardiovascular diseases, and 140 men and 102 women died from cancer. The average follow-up period was 9.17 years, and the person-year at risk was 101576.6.
In Table 2 , age adjusted means and prevalence of specific lifestyle factors by educational level and employment status are detailed. Results showed that individuals with later termination of education had lower vegetarian and western diet tendency scores and indicated higher physical activity and lower total cholesterol for both women and men. There were no differences in prevalence of smokers and hypertension related to educational level for men (smoker: v 2 = 7.49, df = 4, p = 0.11; hypertension: v 2 = 1.07, df = 2, p = 0.59). However, women with early termination of education showed a higher prevalence of smokers (v 2 = 38.09, df = 2, p < 0.001), while also showing a lower prevalence of hypertension (v 2 = 10.32, df = 2, p = 0.01). For employment status, female farmers and forestry workers showed tendencies of lower consumption of alcohol and a western diet, higher physical activity, and lower total cholesterol than the other groups. Their prevalence of smokers was also low (v 2 = 36.30, df = 3, p < 0.001), while there was no difference in prevalence of hypertension (v 2 = 2.17, df = 3, p < 0.54). Male farmers and forestry workers also showed lower consumption of a western diet, higher physical activity, and lower total cholesterol than other groups. Their prevalence of smokers was lower than that for white-collar and blue-collar workers, and their prevalence of non-smokers was higher than the other groups (v 2 = 52.97, df = 6, p < 0.001). Unemployed men showed a higher prevalence of hypertension than the other groups (v 2 = 17.44, df = 3, p < 0.001). Early termination of education for women was significantly associated with an increase in all causes of mortality (Table 3 ). This trend was especially significant in the younger group. The hazard ratio after adjusting for possible confounders was almost identical to the age-adjusted ratio. For the elder group, this association was less significant. The hazard ratios of cardiovascular diseases and cancer showed that early completion of education tended to increase risk, but these trends did not achieve statistical significance. Female farmers and forestry workers of all ages showed a reduced mortality from all causes compared to white-collar workers, after adjusting for age, education level, and other confounders.
The same tendency was found for men (Table 4) . For both younger groups and men of all ages, early completion of education was associated with an increase in all causes of mortality, after adjusting for age and employment status. Both unemployed men of all ages had increased mortality in comparison to white-collar workers. Men who completed education at an early age had a significantly higher increase in mortality from cardiovascular diseases than those who were older when they completed their education. Additionally, farming and forestry workers had reduced mortality from cardiovascular diseases compared to white-collar workers. These trends were the same after adjusting for the confounders. The associations between education, employment status, and cancer mortality were not statistically significant.
Discussion
Early termination of education was associated with an increased risk of mortality from all causes for both men and women. This tendency was more prominent in the group aged 59 and younger than in the group aged 60 and older for both women and men. Specifically, cardiovascular disease mortality was strongly associated with lower educational levels for men. On the other hand, unemployment status increased male mortality from all causes compared to white-collar workers. For women, farmers and forestry labors showed reduced mortality from all causes compared to white-collar workers. Male farmers and forestry laborers also showed reduced mortality from cardiovascular diseases. Associations with cancer mortality were not statistically significant, though consistent tendencies were shown for women.
Lower educational levels were associated with an increase in all causes of mortality for Japanese women and men and with an increase in cardiovascular disease mortality for men. The effect of education was more significant among younger groups than older groups, as it was in preceding studies [4, 20] . Before the enactment of the School Education Law of 1947, many children quit school at younger ages. Moreover, their ages at the time education was completed shortly after World War II may have been subject to measurement errors, which may invalidate the findings. However, the Japanese have attained a high advancement rate in secondary education during the period of economic growth since the end of World War II. Further, household economic status and the individual aptitudes of children affect the age at which education is completed [4] . Therefore, the adverse consequences of attaining low educational levels are more likely to manifest themselves in younger individuals. Unemployment status was found to increase male mortality from all causes, indicating that employment status plays a key role in the mortality of Japanese men. Japanese geographical analyses have suggested that men's mortality is more strongly associated with other socio-economic indices, including employment [26] . On the other hand, as our results indicated that 50% of unemployed men had hypertension, individuals who already had some diseases may have been included in the unemployed group, even though individuals found to have major illnesses in the baseline data were excluded. While male identity was thought to be strongly associated with work, the healthy worker effect should be considered with regard to the relationship between employment status and health.
However, unemployed status was not found to increase female mortality. Accordingly, women's mortality was strongly associated with the respective regional average educational levels [26] . The majority of unemployed women were homemakers in this study because traditional ways of thinking, such as the idea that men should go to work while women should stay at home, are still common in Japan. In fact, in this study only 2% of the men in the younger group were unemployed, while 30% of the women were unemployed, and the majority of the unemployed women comprised homemakers. It is assumed that the husband's socioeconomic status may be influential on the health of female homemakers and also that educational level may be an important indicator of women's health.
Farmers and forestry workers showed a reduced mortality from all causes for women and from cardiovascular diseases for men. Previous studies have shown that farming was protective with regard to mortality from cardiovascular diseases [21] [22] [23] . In addition, Naokola, Martikainen, and Leino [27] have shown that farmers exhibited reduced mortality from all causes, whereas forestry workers showed increased mortality, even though farmers and forestry workers are categorized into the same group in this study. Furthermore, both female and male farmers and forestry workers in this study showed several health indicators, including a lower prevalence of smoking, higher physical activity, and lower total cholesterol. Comparatively speaking, therefore, it can be concluded that rural area farmers and forestry workers may be more oriented toward healthy lifestyles and protected from mortality from diseases.
Furthermore, health-related behaviors might have been mediated between educational level and mortality. Davey Smith et al. [28] found that death from cardiovascular diseases was strongly associated with level of education, which has also been found to be related to high levels of tobacco use and poor diets. These lifestyle habits are formed during childhood and persist into adulthood, and then lead to biological differences [29] . In this study, several health indicators, such as total cholesterol and the prevalence of smokers, were low for individuals with higher educational levels. However, their prevalence of hypertension was nonetheless high. In addition, in concurrence with the results of this study, another study has indicated that the association of educational level with cardiovascular diseases is independent of other cardiovascular risk factors, including other socio-economic factors [30] .
The possible limitations in this study should be mentioned. Educational achievement data should have been more comprehensive. The age at the completion of education was used as a single index for educational level. However, all socio-economic factors are not represented by education and occupation alone [4, [31] [32] [33] . In Great Britain, for example, occupational class is an important predictor of mortality [4] , and in some studies in the U.S. [34] , a strong inverse association between years of education and mortality was shown to disappear when other socioeconomic factors, such as lifetime income, wealth, and occupational class, were adjusted. Income level represents material resources, potential access to different lifestyles, and a sense of security, and it is often closely associated with social class [31] . Therefore an individual's income level should also be considered. Unemployment status showed an increased risk of mortality for men. As discussed above, this may be due to the healthy worker effect or other unknown health problems. On the other hand, our study had several strengths. The analyses were done using a large community based cohort with the accurate identification of deaths and causes of death. Moreover, bias attributable to sample attrition is implausible as the followup rate was high. We excluded individuals with major illnesses at baseline, which might have influenced both the exposure and outcome. Furthermore, we took into account various potential confounders.
Despite certain limitations, this study provides information concerning the effects that educational attainment and employment status have on health in Japan. The findings call for further investigations on this topic. 
